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Structural Behavior of Thin-Walled, Pretwisted Composite Beams

lI-Ju Park’, Sung Nam Jung” ", Danbi Hong***

ABSTRACT

In this work, the structural response of thin-walled, composite beams with built-in twist angles is analyzed
using a mixed beam approach. The analytical model includes the effects of elastic couplings, shell wall
thickness, and torsion warping. Reissner's semi-complimentary energy functional is used to describe the beam
theory and also to deal with the mixed-nature in the beam kinematics. The bending and torsion related
warpings introduced by the non-zero pretwist angles ate derived in closed-form through the proposed beam
formulation. The theory is validated with available literature and detailed finite element analysis results for

rectangular solid section beams with elastic couplings. Very good correlation has been obtained for the cases
considered.

=

=

P

I = bt B | hal
B BEe BRARe) QS 9w FEY, a9u vEY 99 aesha g ne
A

2 AFoME T B 0|22 ojgste 7] uEY Zg 2w BEAw Ho| o A% A S4e SYsks
9l =
Agol st TR a2 AVHOR 1T A0 Kol o2 HAZ 95 Reissnere] WHECUA FHE Aot

o

3 MEY B ARUSE BUY /M) GEshA @3 QUs fustah A
e B oolEe] A4S Aioh] flY UsoR VMo AAY BEAe Ho ol 44 TEHNS Fustgon), o

4 g 7] ol W fAes sNATe vmste 1 g4 S Srsiich

Key Wonds : 3 ®(mixed beam), ¥ H(thin-walled beam), B4 %A (elastic couplings), pretwist angle(Z7] ¥}&" zh),
£ 5 (warpings)

LA Y 2 7Eg olgsy, B mdet BgEs AT o
4 A S4B ohdet 27] viEYer A% 7lsisty o

BN Edols, 8w Beol=, Weige B¥el= W A S4o] Hds| wlgElojopst Fhch. Durocher?} Kane[1]S:
HERH SIS 52 4% PHE BH02 27 MEY UMY A% dde) g olgslel wUd 27 vEY 7
A ABste] AAshe Aol dubHolul, ol& AR A & 2= me| @ A TS Voo, AuEY U
EHE A drE vy d et B AW SEA FUoiEdn 28 gow 94 S4e s B W
Bl 91 W uEY Zhe fRtad T Fuel wiiste] vy
ABEIZE WA 2 gdels Page fE A F2 o B4S BTk Rosen2]e 27) MEY 4L 1 7|

* Asdista ikl g e R ARE ek
P+ ZAFSt R E A BA AR TEN, AR AHE-mail:snjung@konkuk.ac.kr)

*k%k F SFL O % Le]
WG EdT



Z RN - Boh) BEEAMHEER

23 22 7158 B4o] meld 1Y Hof
e Austich 7129 St A7 gl
sdgo] BASAUL] Y AL mo]
2T 4+ Y WA A A2 s 2
2 Aiol gl ool WAkl Baolso] e
O

BE oa] g olgsigle
MSC/Nastrang o] €3t H]lZ 418 E3lo] 27)

Moo W2 pRBO| A B4 Avugitt.

W, AR LZ A T2y

EHE} E%_]El
et g5ta
e hAjg
AT ug
A1z el vt

b i 6

o8 FAE FEsk= EAo] ot o]5 %) Reissner?] b

24 o]
=
NEY 29

=

Fie 12 37] MEBZ(0,) & Zi dolf il b o

#ZuA 9 ¥y JEES HojF gt Ko ¥y ARo
A EﬁH(U), #%‘%P"% HO(V), +AusE WY (W),
a3 wEY HP(9)oE BEHH, 219 7+ 940 HY
AEE o Ao gt T4 HABAZ o] &t 4,9 v, 08
Zzb @A o oM ool AHo| gt 2R HEPL
thedh o] AT 4 Qo

u—u0+m/1m

v, =0 +ny, (1

v, =1

A7, = KB P 2z U s WFoe] g
th ele] AFolAle] WEE-H9] TA A

of dzete] 22 WY AHEES 134Y
A AE(p)oR 71&shd ohexh 24,

v = Vy + We, 0
£ =Ve, + Wy, — a9
b =4 2)
d} = Yen nx
AelA (), & ()5 47 2 xol A HvEE v
W, » 3 g T:*‘J“H e A EHFP sE nEAe Ae
£ uehiich goje] @A) WL BANT HQ)
E o3t T o] WFELS WY FeE ot 2o
#2% 4 9tk
$I:uo
fy —u TV, +Wz +7¢ 3)
'ﬁng ﬂy,zy,&aﬁ,u
'b_2¢,.’ll
27) WBYL WA @S ®ol tE ALY WAL 4
@9 7, & sol hste] Mg stel 7 4 glow] chet
2t
=U, +yB, +28,—wp, C))

A @elH we oo 9% A SEel vEYs ow
Hol uEde] Be Aoz FAEH glom, ol sAo=
EHskw et gk,

o9 3
gHE BN, =0F of2 1l AT o2y +THAE
o g Y A4S Theat 2ol & 4 T4l

]V.T‘I‘ Ane Ann And} An’y ATLT €z
A[TT AnK, Am,n An I3 Am'y AmT Kpp
%s = An¢ Am¢ A¢¢ Azzb'y Aqﬁ K‘zs (6)
7’59 _An'y_Am'y_Aaﬁ')' A’y'y A’yr ‘N;s
I3 —A,, A —A_ A_ A_|M



204 & 6 3 2007. 12 z7] B]&

i)
N
N

fle

e uhy B3R Bl A

23 A% 4 17

183t Ysle] Reissner|5]

7b Agke HERE ofx| B2 Algslgich

sl (D)

N

Bp= 5 (Vo Mokt My, = 7.,

A& 2ol i ME ez sdshd ot Zo] /ed

=
% 9o,

5/ f[qs +, NV, + kM dsdz =0 (8

L
Z7) HEY Zo] Q= EFAE B FS A% HEggo
TAE AE 27 vEHE(k)EA BT & 9ok 27 A1)
Edo] nHE QA digt BE-L A6 A(3)e) et
Y HEEE JEAE ol &3t ot Zo] 7 4 9tk
w = Utyp, +28 J {qb} 9

7)o A
tgl=1g ¢ 9 a g
— T
A, TAf TALg,

—A, z+Amh,y + A f +A79u (10

i

/ ' fAmy Az, +AM fo+Ag| ds
0| 24, +A f,+A g, ~

- A”"/wi A"L’Z"g + A”/‘/’fw + A’)’Tgm‘

he A9l Hef dukst R {qi=

{a}= LU B,.8.. 6.6, 17 an
o Zrom, A (9F zol tete] mlRsty zy] WE™e] 1
S ol wEgo] WS EAL b Zo] sy 4
9lch,

uuﬁ = U.’(: +Z[))yr +yﬁ2,:c 'kl [zé.y 7y§zl {qb} (12)

CHE RIS TR

SEA T Zo] xEHT

et (13

o714 fre AR WS 7he vehic
9E AR AR o8] T 4 9tk
2 Fe= Festel thehdiw thewt 2rh6]

{g}]dz=0 (14)

%fo‘[{qh}fmf[am

A7l [7]E AT 9HE olEs AE HY HE A
4 g8e vehdel, [de A0l 71eE 4 BAot
9] AomuE EgAR B AFS 71ed 4+ e T-9Y
PAAE 78 & en, HFH AL oEdt Zo] ®d
L=

N Ky Ky K3 Ky K| (U,

M| | Ky Koy Koyg Koy Bos | | By

M, = | Ky Koz Ky Ky K5 |4 8.0 (15)

Tl | Ky By By Ky K| | 0.0

M) | Kys B Kys K5 K| (@4,

= A9 BHREAA
o] =gk 27] WEY zto
oz QguEd o
A ek ot 94 7]
s, crelel gga YHF wo
44 A5 vsel AR /&

sfata aelo] ojslA
| g pAE TR o

3. 2t

olgbe] Ash e EtiE AEE B Y 2de ey
4e Az 99 WA 27] MEY 2 2 AdEE 8
of g WARA SARTE SRSk o7l ALgE B

= Durocher®} Kane[1]9] o]2@Fof o]&H ZOoZA HI
AR Fig. 20 vebdink 2o AY& ZZ Zo] 762 mm,
£ 254 mm, FAE 2.54 mmo|w|, £7] HEHZ2 BHE
71202 68.8°0]Th A9 HO| BAA: Table lof HHch

Table 1 Geometry and Material Properties of Rectangular Solid Section

Beam.
Properties Values
B 203.4 GPa
G 75.1 GPa
0.3532
Br 68.8°
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Fig. 2 Rectangular Solid Beam with Pretwist Angle.
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Fig. 3 Comparison of Response for Pretwisted Rectangular-solid Beam
under Tip Tension (22,250 N).
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Fig. 4 Comparison of Response for Pretwisted Rectangular-solid Beam
under Tip Torque (22.6 N-m).

Table 2 Material Properties of AS4/3501-6 Graphite/epoxy Lamina.

Properties Values
142 GP
Ell G a
7 9.8 GPa
G 6.14 GPa
Vg 0.42
¢ 0.000176 m
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Fig. 5 Effect of Pretwist Angles on Tip Twist for Composite Beams
Subjected to unit Tip Torque Load(]303/-30s]).
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Fig. 6 Response of tip twist for composite rectangular solid section
beams undergoing umit tip torque load with changing fiber
orientation angles.
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Fig. 7 Induced tip response of composite rectangular solid section
beams undergoing unit tip torque load with changing fiber

orientation angles (5=0°).
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Fig. 8 Induced tip response of composite rectangular solid scction

beams undergoing unit tip torque load with changing fiber
oricntation angles(5=30°).
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